Influence of fluorochrome labeling density on the photobleaching kinetics of fluorescein in microscopy.
The objective of this study was to identify, through kinetic analysis of individual elementary reactions, the conditions under which a simple first-order photobleaching kinetic model is sufficient for quantitative fluorescence measurements, and those under which more complex photobleaching kinetics must be considered. Three model systems of various fluorophore densities and distributions were employed to verify the kinetic analysis. The results showed that the photobleaching kinetics of free fluorescein at concentrations lower than 5 microM corresponded closely to a single exponential function and therefore involved predominantly simple unimolecular or pseudounimolecular photochemical reactions. When fluorescein was bound to polyvinyl alcohol (PVA) molecules, the photobleaching kinetics of the densely labeled PVA deviated more from a single-exponential function than sparsely labeled PVA. When fluorescein was bound to a DNA probe, the photobleaching kinetics were more complex and deviated significantly from a single-exponential function, due to one or more bimolecular processes with apparent concentration-dependent photobleaching rate constants. The practical applications of time-integrated fluorescence emission are discussed in the context of simple and complex photobleaching kinetics.